ABSTRACT
INTRODUCTION
Voltage quality is a collective term for several voltage quality parameters or voltage disturbances, including rapid voltage changes (RVCs). RVCs are included in several world wide and European standards. However, it does not yet apply a definition on RVCs in international standards that is exhaustive enough in order to ensure reliable measurements when using different measurements instruments. This gives a very large degree of freedom to the instrument vendors and users of instruments.
RVCs cause mainly changes in the light and will normally not bring damage to electrical equipment. 10 % reduction in the voltage results in 34 % reduction in the light intensity from a 60 W incandescent lamp [4] .
The Norwegian electricity quality of supply regulation includes requirements for voltage quality measurements. For most voltage quality parameters; well defined measurement methods exist through international standards, in particular IEC 61000-4-30, with the exception of RVCs. 
MOTIVATION For setting requirements
The main reason for introducing limits for rapid voltage changes is to cope with rapid (fast) changes in the voltage generating visual annoyance for people exposed without occurring frequently enough to generate flicker severity levels above the limits for P st and P lt . When setting requirements it is always important to focus on causes that can be handled in a cost-effective manner. 
DEFINITION -WHAT IS NEEDED?
In order to ensure reliable measurements of rapid voltage changes, the following elements must be defined:
1) The steadiness of the steady state conditions;
2) The minimum duration of a steady state condition (between two voltage change characteristics); 3) The minimum rate of change (dv/dt) to consider; 4) The steady state voltage change; 5) The maximum voltage change during a voltage change characteristic; 6) Which voltage level to relate the change to (i.e. the voltage before the change or the nominal voltage); 7) The maximum duration of a rapid voltage change.
A good definition of all seven elements is necessary in order to achieve reliable measurements in all cases. The IEC 61000-3-3 is the international standard which includes most of these items; i.e. 2, 4, 5 and 6 but only to a very limited extent 1.
RESEARCH PROJECT
SINTEF Energy Research performed a test on visibility of rapid voltage changes in lighting from lighting equipment on behalf of The Norwegian Water Resources and Energy Directorate (NVE). It was natural to concentrate on tests using the 60 W incandescent lamp since this previously has been the reference lamp used in the flicker visibility tests that are internationally recognised. Furthermore, it was, as with the flicker tests, natural to focus on visibility rather than what levels that the test persons consider acceptable. The latter are far more complex to evaluate since it depends very much on the situation for the test persons during the test, though a test were also performed regarding this. The total test was performed with 96 test persons; the visibility tests included 60 persons and were performed with minimum daylight available. The test persons were mainly divided on (young) students and people at pension age, as these groups may represent the outer limits regarding being able to notice changes in the light. During the tests the test persons were obliged to focus on reading various material.
The minimum duration of a steady state condition
Results from the project showed that when the time duration between two voltage change characteristics reached 1 second, the percentage of people that could separate two rapid voltage changes apart was between 80 % and 90 %. This result supports very much the definition for a voltage change characteristic given in IEC 61000-3-3 and mentioned above. The minimum rate of change (dv/dt) to consider In Norway, rapid voltage changes are regulated due to visual annoyance as already described. It is therefore important to know how fast the voltage change must occur in order to cause visible changes in the light. Results from the project showed that when the voltage change pr second was 1 volt and the nominal voltage was 230 V, more than half of the people exposed did notice the rapid voltage change, see Table 2 . This is in particular the case when studying the changes on 4 % and 5 %. 1,00 0,00 6 1,00 0,00 7 1,00 0,00 Table 3 shows the visibility in the light due to instantaneous rapid voltage changes. Even instantaneous voltage changes with only a magnitude at 2 % are visible for the majority of the population. Upon occurrence of instantaneous voltage changes at 3 % between 80 % and 90 % of the population will notice changes in the light.
The maximum voltage change during a voltage change characteristic
The maximum voltage change deviates from the steady state change in some cases, especially when the change is due to the start-up of an induction motor or connection of a power transformer. 
The project detected clearly, however, that maximum voltage changes during a motor start-up are not as visible as an equal instantaneous voltage change. When comparing Table 3 and Table 4 , it can be seen that maximum voltage changes at 4 %, 5 % and 6 % corresponds with the instantaneous changes at 2 %, 3 % and 4 %. Those results give therefore the basis for introducing different requirements for the steady state and the maximum voltage change, regarding magnitude.
Which voltage level to relate the change to?
Rapid voltage changes are mainly presented in percentages.
When calculating the percentage of the rapid voltage change there exist two options: either refer to the voltage level before the change or refer to the nominal or declared voltage level. The project did not detect any major disadvantage with either method and recommended to use the nominal or the declared voltage, which also corresponds with the definitions given in the IEC 61000-3-3.
The maximum duration of a rapid voltage change The definitions presented above for the steadiness of the steady state voltage, the minimum duration of a steady state condition and the minimum rate of change (dv/dt) will indirectly define the maximum duration of a rapid voltage change. However, it could also be defined a maximum time period of for instance 10 second in order to let the instrument stop measuring rapid voltage changes when a continuous voltage fluctuation occur. The latter was not covered by the project.
UNCERTAINTY IN FLICKER MEASUREMENTS
Through almost 20 years of power quality measurements related to both research projects and consultant assignments with power quality troubleshooting SINTEF Energy Research has seen some problems regarding measurements of rapid voltage changes (RVCs) and flicker. As already explained, definitions for RVCs are not precise enough to ensure reliable measurements. Some claim that separate definitions and requirements is not a big problem since they believe flicker measurement will cover measurements also for RVCs.
During many measurements in the Norwegian power system Prague, 
